-Al 2 O 3 11.919 11.813 [1] 2.939 2.906 [1] 5.666 5.625 [1] 104.03 104.10 [1] Ti-O bond (d) anatase TiO 2 3.787 3.782 [2] 3.787 3.782 [2] 9.499 9.502 [2] 1.989 1.979 [2] T-Nb 2 O 5 3.920 3.930 [3] 29.576 29.175 [3] 6.174 6.175 [3] -- 
Experimental details
Niobic acid (Nb 2 O 5 •nH 2 O, HY-340) was supplied by CBMM. Nb 2 O 5 (BET specific surface area = 54 m 2 g -1 ) was prepared by calcination of the niobic acid at 500 °C in air for 3 h. Reaction conditions employed in this study were the same as in Figure 1 . For more detailed procedures, please check the references 4-7 (in the main text) for each reaction. X-ray diffraction (XRD; Rigaku Miniflex) measurements were conducted using CuKa radiation. [4] Chan et al. [5] Monodentate-inter (The most stable one, similar to the structure in Figure  3b TiO 5 -1 site) 
Method
 VASP code  PBE functional  Planewave density cutoff of 400 eV  Including dispersion interaction (DFT-D3 correction method of Grimme et al. [6] )
 CP2K code  PBE functional  Planewave density cutoff of 600 Ry  Including dispersion interaction (DFT-D3 correction method of Grimme et al. [6] ) 
